A non-pigmented and asporogenic fungal strain without taxonomically useful characteristics was isolated from sputum of a patient with chronic bronchitis. Although the taxonomic position could not be determined based on traditional morphological criteria, the fungus was identified as an Aspergillus fumigatus mutant strain by molecular techniques including ITS sequence analysis and PCR identification system using a PCR primer pair specific for A. fumigatus. Usefulness of these molecular techniques for the identification of non-classifiable fungal strains in a clinical laboratory is discussed.
A non-pigmented and asporogenic fungal strain (260A) without taxonomically useful morphological characteristics was isolated from the sputum of a 70 year old male with chronic bronchitis in Chiba University Hospital. Color of the fungal colonies of the 260A strain was at first white, and then the margins changed to grayish white with a greenish tinge. Since taxonomically useful morphological characters were not observed, molecular techniques were applied to identify this organism. Internal transcribed spacer (ITS) and 5.8S rDNA region nucleotide sequences (ITS 1-5.8S rDNA-1T52 region) have been considered one of the most suitable molecular techniques for examining species level variability for pathogenic fungi1). Other useful molecular techniques employed for the identification were PCR amplification using specific primers for 185-or 285-rRNA gene sequences and RAPD band pattern analysis.
In this manuscript, the results of this approach are reported and usefulness of other molecular methods such as RAPD band pattern analysis is also discussed.
Strain 260A was isolated from the patient (Dec., 1999), and inoculated in a potato dextrose agar (PDA) slant. Slide culture of the fungus showed production of conidiophores with conidiogenous cells which were related to the morphological structures of Aspergillus species, but no morphological features distinctive enough for the species identification were observed (Fig. 1) . Production of conidiospores was very rare, and at most one conidium per conidiogenous cell. Therefore, molecular methods were used to identify this fungus and DNA of the strain was extracted by modified methods of Aoki et al. 2) and Imai et al.3, 4) . Briefly, two or three blocks of the fungal debris from the agar slants were suspended in 200ul of TE buffer (10mM Tris-HC1, pH 8.0, 1mM EDTA) in an Eppendorf tube. Then, the DNA was extracted with GPT reagent (6M guanidine thiocyanate dissolved in 50mM Tris [pH 8.3] ) and phenol buffered in Tris (pH 8.0). After extraction with chloroformisoamyl alcohol solution, the aqueous phase was separated by centrifugation, and mixed with an equal amount of isopropanol with 3M sodium acetate. Samples were centrifuged, and the nucleic acid pellet was washed with 70% ethanol, dried, and resuspended in sterile TE-buffer at a DNA concentration of 5ug/ml.
All reaction products were observed by electrophoresis on 1.5% agarose gels in 1 X TBE buffer at 70 V for 100min and then stained in 0.5ug/ml of ethidium bromide (EB) solution. For determination of ITS region DNA sequence, PCR primers of ITS5 =5'-GGAAGTAAAAGTCGTAACAAGG-3'and ITS4=5'-TCCTCCGCTTATTGATATGC-3' were used'). Amplification reactions were performed in a final volume of 32.5ul of distilled water containing 2.5ul of each primer (20pM), 2.5ul of genomic DNA (5ug/ml) and one PCR bead (Ready-To-GoTM PCR beads, Pharmacia Biotech), and the amplification conditions were the same. The PCR products were sequenced using an ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems). Analyses of DNA sequence reactions were aligned using CLUSTAL W version 1.745) and manually adjusted.
The determined ITS region sequence of the 260A strain was 538bp (deposited to DDBJ as accession number AB051071), and was compared with those of reference A. fumigatus strain (accession number AF07888). The sequence similarity of 99.44% suggested that strain 260A was A. fumigatus. The phylogenetic tree prepared based on the ITS sequence information confirmed this identification, despite the absence of morphological characteristics of A. fumigatus species (data not shown). These data supported our hypothesis that this strain is an asporogenic mutant of A. fumigatus6).
PCR primer pairs designed to amplify the 401 bp band of A. fumigatus based on the 26S/IGS region sequence information have been proposed7). Testing these primers for the identification, we learned that the primer sequences were incorrect so we modified the antisense-primer sequences based on the rDNA sequence information. Since we have confirmed the usefulness of the modified PCR primer pairs for the identification of A.
fumigatus in many clinical isolates (unpublished data), we tested the DNA from 260A. The amplified 401bp band from this DNA sample is shown in Fig. 2 . The result also supported our identification of it as A. fumigatus species. During several transfers of A. fumigatus 260A in PDA slants, one culture which showed greenish colonies was obtained.
Observation of the greenish strain suggested that it was a revertant strain of A. fumigatus 260A (designated as 260A-M), showing similar morphological characteristics to the reference A. fumigatus. Since RAPD analysis method has been applied to detect variability in strain level of fungi, we were interested in the RAPD pattern of the revertant (260A-M strain). Three primers were used for the RAPD analysis: R-1=5'-ATGGATCGGC-3', R-2=5'-ATTGCGT CCA-3' and R-3=5'-TCACGATGCA-3', and amplification reactions were performed by the same methods reported in our previous paper8).
RAPD band patterns of A. fumigatus 260A were compared with those of the reference A.
fumigatus strains (Tsukuba and No. 197 strains), and the results are shown in Fig. 3 . No RAPD band pattern difference was observed whether the DNA samples were obtained from the original plate or after several transferred plates. A. fumigatus 260A showed characteristic RAPD band patterns with the three primers tested, and the amplified band sizes and patterns were identical with those of the reference A. fumigatus strains with R-2 and R-3 primers. Interestingly, when we used R-1 primer, although other amplified RAPD band patterns were identical, an additional 400bp band was observed in the DNA sample of A. fumigatus 260A. The RAPD pattern of the possible revertant strain (260A-M) was almost identical with those of A. fumigatus reference strains as well as the 260A strain. Further detailed genetic analysis is now in progress in our laboratory to confirm its fungal origin. This RAPD pattern analysis suggested that this method is also useful for the identification of A. fumigatus strains if appropriate reference strains are used. To our knowledge, this is the first report of the isolation of an asporogenic A. fumigatus strain from a clinical sample. 
